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Abstract 
Purpose: Night-time driving difficulties are a common concern of older drivers and those with 
eye disease. This study aimed to develop and validate a questionnaire for assessing vision-
related night driving difficulties in older drivers. 
Methods: Items from existing vision-related quality of life questionnaires and driving studies 
were used to develop a questionnaire that was completed by 283 participants who reported 
visual difficulties for night driving (65.4% female, 50 to >80 years). The questionnaire included 
items relating to demographic and night driving characteristics (7 Items), general vision 
ratings (8 Items), vision-related night driving difficulties (11 items), and a single open question 
about specific night driving difficulties. The vision-related night driving difficulty items were 
analysed separately using Rasch analysis to form the vision and night driving questionnaire 
(VND-Q). Rasch analysis assessed validity and psychometric properties of the scale. 
Generalised linear regression models examined associations between VND-Q scores and age, 
gender, amount of night driving, self-rated vision, and eye conditions. Test-retest 
repeatability was assessed using intra-class correlation analysis and Bland-Altman methods 
of agreement for a subset of 30 participants. 
Results: Rasch analysis indicated that a 9-item VND-Q scale was unidimensional, valid and 
reliable, and showed excellent discriminant ability (person separation index 3.04; person 
reliability 0.90). Targeting was better for those with greater self-reported night driving 
difficulties.  Participants with self-reported bilateral eye conditions and worse self-reported 
general vision ratings had significantly more night driving difficulties with the VND-Q scale 
than individuals without eye conditions (p=0.03) and with better general vision ratings 
(p<0.001). Females reported more difficulties than males (p<0.001) and drove shorter 
distances at night per week which was also associated with greater difficulties (p<0.001). A 
repeatability coefficient (Rc) of 2.07 demonstrated excellent test-retest repeatability. 
Conclusion: The 9-item VND-Q is a unidimensional and reliable questionnaire allowing 
quantification of the level of visual difficulties that older drivers report at night. The 
development of this questionnaire is an important step in providing a reliable and validated 
instrument for use to guide appropriate investigations, referrals, or interventions in clinical 
and research settings. 
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INTRODUCTION 
Driving at night is more hazardous than driving during the day. There is a two to four 
times higher risk of a fatal accident1 and up to seven times higher risk of a pedestrian fatality2 
for night driving, compared with daytime, after adjustment for distance traveled. Visual 
factors have been shown to contribute to this elevated night-time crash risk and it has been 
demonstrated that improved road lighting decreases night-time accidents and their 
severity.2–5 Poor visibility has also been shown to be a particularly important factor in relation 
to night-time pedestrian fatalities.2,4,5 Driving at night is perceived as one of the most 
challenging of all driving situations, with visual factors seemingly responsible, especially for 
older drivers.6–9 Older drivers often report vision-related problems when driving at night, such 
as disability related to glare from oncoming headlights and difficulty reading road signs.7,10–12 
Some older drivers are so concerned about visual difficulties that they self-restrict their night-
time driving,7,10,11 and some cease night driving altogether.8   
The low-luminance conditions evident on night-time roads present considerable 
visibility challenges for drivers.7  Furthermore, the presence of glare from headlights and 
street lighting can cause visual disability through increased intraocular light scatter13 as well 
as via neural processes, resulting in prolonged disability even after removal of the glare 
source.14 Night-time driving conditions are particularly problematic for older drivers due to 
age-related pupil miosis,15,16 increased crystalline lens opacities and light scatter,17,18 and 
neuro-visual degenerations.19 These changes can result in impaired contrast sensitivity, 
increased disability glare and delayed adaptation to fluctuating light levels.20–22 In addition, 
age-related eye diseases, such as cataract, age-related macular degeneration (AMD), and 
glaucoma, can reduce night-time visual function, with cataracts resulting in reduced contrast 
sensitivity and increased disability glare,23 and retinal diseases, such as AMD and glaucoma, 
resulting in reduced mesopic vision24,25 and prolonged recovery after exposure to glare 
sources.26,27  
Driving is important for maintaining older adults’ independence and quality of life.28,29 
Therefore decisions regarding an older driver’s capacity to drive at night must consider the 
balance between restricting night driving due to safety concerns and maintaining mobility and 
independence where possible. Around one third of adults aged 50 years or older report vision-
related night driving difficulties,7,30 and this proportion rises considerably in the presence of 
ocular diseases, such as cataracts.31 The number of drivers who avoid driving at night also 
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increases significantly with age, with the most commonly reported reason being visual 
difficulties.7,8 Self-reported and clinically measured reductions in visual function are 
associated with these older drivers’ decisions to avoid night driving.7,10,11,8   
The use of patient-reported outcome measures (PROM) is becoming increasingly 
important to support clinical decision making, as these measures capture perceptions from 
the patients’ perspectives and provide functional and quality of life information.32 For 
example, PROM relating to self-reported visual difficulties are used to guide referrals for 
cataract surgery33 and to quantify changes in vision-related quality of life following 
interventions such as cataract34,35 and refractive surgery.36,37 There are a range of general 
vision-related quality-of-life (QOL) questionnaires, such as NEI-VFQ-25,38 ADVS,39 VAQ,40 and 
CatQuest-9SF,41 however these provide limited or no information specifically about night 
driving difficulties and are often designed for groups with particular visual impairments. For 
example, while the Low Luminance Questionnaire (LLQ)12 is a comprehensive low light vision 
questionnaire which includes several night driving items, it was designed for adults with AMD 
and therefore is not targeted for the general older driving population who are likely to have 
better visual function. The Night Driving Comfort scale (DCS)42 was designed for a general 
older driving population but includes items that relate to a range of physical, cognitive and 
sensory factors being non-specific to vision.  
There are currently no PROM for use in general older populations that specifically assess 
visual difficulties when driving at night. Therefore the aim of this study was to develop a 
PROM and to evaluate it using a large sample of older drivers who reported concerns about 
their vision for night driving. Development of the vision and night driving questionnaire (VND-
Q) involved item selection and pilot testing, followed by Rasch analysis which is recognised as 
an effective approach for optimising the psychometric properties of PROM.43  
METHODS  
Recruitment 
Drivers aged 50 years and older who reported low-luminance, glare or adaptation 
concerns about their vision for night driving were invited to participate via e-mails to patients 
of local Optometry and Ophthalmology practices, as well as through advertisements in local 
newsletters and radio. Participants were asked to complete either an online or paper-based 
questionnaire which was developed for this study. The questionnaire included items relating 
to demographics and night driving characteristics (7 Items), general vision ratings (8 Items), 
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vision-related night driving difficulties (11 items), and a single open question to describe any 
specific difficulties. Ethical approval of the study was obtained from the QUT Human Research 
Ethics Committee. The study adhered to the tenets of the Declaration of Helsinki. 
Demographics and night driving characteristics  
Demographic data collected included age category (in 10 year brackets), gender, and 
self-reported presence of eye conditions in either eye including: cataracts, cataract surgery, 
glaucoma, AMD, diabetic eye disease, or any other condition. Participants were also asked if 
they had previously reported their night-driving difficulties to an eye care professional. Items 
regarding night driving characteristics asked about the amount of night driving (average 
kilometres (km) per week in 25km increments), frequency of night driving avoidance, and 
whether spectacles were used for night driving.   
General vision rating items 
Participants rated their vision across several general situations, based on well-
established questionnaires.44,45 Ratings of general distance vision, day and night driving vision 
used a five category scale ranging from ‘very poor’ to ‘excellent’.  Ratings of vision under 
daylight, low-light, glare conditions, and difficulty adjusting from light to dark or from dark to 
light used a five category scale ranging from ‘no difficulty’ to ‘extreme difficulty’. 
Vision-related night-driving item generation  
Table 1 outlines the 22 items that this study identified from existing vision-specific 
quality of life research and questionnaires.12,39,40,46–52 Evaluation of the vision and driving 
research14,42,53,54 also helped to derive an additional three items that were considered 
relevant but had not been used in existing questionnaires. These items assessed difficulty 
seeing low contrast objects such as pedestrians and animals, seeing hazards such as potholes 
and the road-side (curb) and, difficulty adjusting after exposure to oncoming headlight beams. 
The response scales of existing questionnaires had a range of response structures (from 2-7 
options) and categories (difficulty, frequency and, level of agreement). Items for the new 
questionnaire were adjusted to have a common five-option scale of difficulty ranging from 
‘no difficulty’ to ‘extreme difficulty’ as used in the LLQ.12  
Table 1: Vision and night driving items from existing questionnaires (grouped by category) 
Category Item Source  
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Vision Rating How would you rate your ability to see clearly at night 
for safe driving?  
(Molnar, Eby, et al. 2013) 47 
Headlights When driving at night do you have difficulty with 
headlights from oncoming cars? 
(Owsley et al. 2006) 12 
How much is your driving disturbed by the lights of 
oncoming cars?  
(Carta et al. 1998) 46 
To what extent is your driving at night impaired by 
oncoming headlights? 
(Prager et al. 2000) 45 
How much are you hindered, limited or disabled by glare 
(dazzling light) when driving towards the sun or oncoming 
headlights? 
(Lawrence et al. 1999) 48 
How difficult do oncoming headlights or street lights make 
driving at night for you?  
(Mangione et al. 1992) 36 
 I have trouble driving when there are headlights from 
oncoming cars in my field of view. 
(Sloane et al. 1992) 37 
Low contrast Do you have difficulty seeing dark-coloured cars while 
driving at night? 
(Owsley et al. 2006) 12 
Signs Do you have difficulty reading street signs when driving at 
night? 
(Owsley et al. 2006) 12 
Would you say that you read street signs at night with 
no/little/moderate/extreme difficulty?  
(Mangione et al. 1992) 36 
How confident are you driving at night, seeing street or exit 
signs with little warning? 
(Myers et al. 2008) 39 
Moving 
objects 
While driving at night, do you have difficulty judging the 
distance between you and other moving cars? 
(Owsley et al. 2006) 12 
While driving at night do you have difficulty judging the 
distance to your turn-off or exit? 
(Owsley et al. 2006) 12 
How difficult does seeing moving objects such as people or 
other cars make driving at night for you?  
(Mangione et al. 1992) 36  
Peripheral 
vision 
 When driving at night, objects from the side unexpectedly 
appear or pop up in my field of view. 
(Sloane et al. 1992) 37 
Poor 
weather 
When driving at night in the rain, I have difficulty seeing 
the road because of headlights from oncoming cars. 
(Sloane et al. 1992) 37 
Do you get upset because you have difficulty seeing while 
driving in the rain? 
(Owsley et al. 2006) 12 
Have you limited driving in the rain because of difficulty 
seeing? 
(Owsley et al. 2006) 12 
Dawn/dusk  Do you have difficulty seeing while driving at dawn or dusk 
because of glare? 
(Owsley et al. 2006) 12 
Restriction  Do you limit your driving at night because of your vision? (Owsley et al. 2006) 12 
How much does your vision hinder, limit, or disable you in 
night-time driving? 
(Lawrence et al. 1999) 48 
To what extent, if at all, does your vision interfere with 
your ability to drive a car, by night? 
(Pesudovs & Coster 1998) 44 
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A small pilot study was conducted involving older drivers who reported night driving 
difficulties and were recruited through research personnel and their friends in the School of 
Optometry and Vision Science at QUT  (n=35; 15 female, 20 male; median age 60-70yrs 
category). The pilot study included the identified vision-related night driving items, combining 
items where content was overlapping to result in a total of 12 items. Open questions were 
also included in the pilot questionnaire to provide feedback and to identify any specific night 
driving difficulties that were present. The pilot data did not identify any issues with 
understanding of the items except that peripheral vision at night was poorly understood by 
several of the participants and thus was not included in the final selection of items. No 
respondents reported night driving difficulties that were in addition to the original item 
selection. One respondent reported difficulty distinguishing between the options of ‘a little’ 
and ‘some difficulty’ but the five category scale was retained given that Rasch analysis would 
assess any potential issues with categories. Table 2 shows the final selection of the eleven 
vision and night driving difficulty items that were analysed using Rasch analysis to develop 
the vision and night driving questionnaire (VND-Q). 
Rasch analysis  
The VND-Q was developed using Rasch analysis using Winsteps (Version 3.73, 
www.winsteps.com)55 and the Andrich rating scale model.56  The use of Rasch analysis 
enabled formation of a linear interval scale, in logits, of person abilities and item difficulties. 
This contrasts classical test theory which assumes equal interval steps between response 
categories and equal emphasis on each item. In the Rasch model for this study, an individual 
with poor ability had more vision-related night driving difficulty and a more positive or higher 
logit value. Correspondingly, an item of less difficulty was rated with a higher logit score than 
a more difficult item.  
Table 2: Item structure, content and response scales for the 11 item questionnaire. All 
items used a five option difficulty scale: no difficulty, a little difficulty, moderate difficulty, 
a lot of difficulty, extreme difficulty. 
Item  
How much difficulty do you have or would you have with the following night driving 
tasks: 
Item 1  Seeing dark coloured cars when driving at night 
Item 2 Seeing pedestrians or animals on the road side when driving at night 
Item 3 Seeing the curb or potholes in the road when driving at night 
Item 4  Reading street signs when driving at night 
Item 5 Seeing the road because of oncoming headlights when driving at night 
 
 
8 
 
Item 6 Seeing because of glare when driving at dusk or dawn 
Item 7 Seeing because of glare from headlights of oncoming cars when driving at night 
Item 8 Adjusting after passing headlights from oncoming cars when driving at night 
Item 9 Judging the distance to your turnoff or exit while driving at night 
Item 10 Judging the distance between you and other moving cars while driving at night 
Item 11 Seeing the road in rain or poor weather when driving at night 
 
Open question about specific difficulties 
A single open question was also included for participants to describe their vision-related 
night driving difficulties in their own words. The responses were categorised into broad 
themes by a single reviewer. 
 
Psychometric properties of the VND –Q 
Rating scale and reliability: Response category ratings were examined to determine if 
thresholds were ordered.  Disordered thresholds indicate response options that are either 
underused, have unclear definitions or are difficult to discriminate from adjacent response 
options.41,57  Reliability of the scale for discriminating between high and low abilities was 
assessed using the Person Separation Index (PSI) and Person Reliability (PR) coefficients, 
where values greater than 2.0 or 0.8, respectively, indicate acceptable reliability and 
discrimination capability.41  
Unidimensionality and item fit: Item fit statistics (mean square infit and outfit) were 
assessed to identify items that contributed appropriately to the Rasch model, where values 
less than 0.7 suggest item redundancy and over 1.3 indicates excessive measurement noise.57  
Unidimensionality  was assessed using principal component analysis (PCA), where the first 
factor should explain at least 60% of the variance and the proportion of unexplained variance 
of the first contrast should be less than 5%.43   
Targeting: The person-item map was inspected to investigate targeting of the 
questionnaire, where less than a 1.0 logit difference between the mean item difficulty and 
mean person ability indicates a good match between items and the study population. 
Differential Item Functioning (DIF) was assessed to ensure that the underlying trait was 
measured uniformly across subgroups such as gender, age and ocular pathology status.  A DIF 
contrast greater than 1.0 logit indicates the presence of interpretation bias, with differential 
response patterns across subgroups.58 
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Questionnaire construct validity  
The association between VND-Q Rasch scores and age, gender and amount of night 
driving was examined using generalised regression models, in unadjusted models and models 
adjusting for each other variable. Construct validity was investigated by analysing the 
associations between VND-Q Rasch scores and measures of self-reported visual function 
(presence of eye conditions and general vision ratings), where it was hypothesised that the 
presence of bilateral eye conditions and poorer general vision ratings would relate to greater 
vision-related night driving difficulties. Generalised linear regression analyses were 
conducted separately for each of these vision variables, as well as for prior reporting to an 
eye-care practitioner, in unadjusted models and models adjusting for age, gender and amount 
of night driving as covariates. Statistical analyses were performed using SPSS version 21.0 
(SPSS, http://www-01.ibm.com/software/au/analytics/spss/) and p values <0.05 were used 
to indicate statistical significance. Residuals of the regression models were assessed to 
confirm the model assumptions of normality, linearity and homoscedasticity.  
Questionnaire repeatability  
A subset of participants (n=30) repeated the questionnaire after a 2-3 week interval to 
evaluate reliability and repeatability of the questionnaire. Intra-class correlation analysis was 
used to determine the test-retest reliability of the VND-Q using a single-measures, two-way 
approach. The 95% repeatability coefficient (Rc) was calculated using the standard deviation 
of the differences between repeated measures and multiplying by 2.59 A Bland-Altman plot 
showed the distribution of data within 95% confidence limits and any patterns of differences 
between questionnaire scores at time 1 and 2.60  
RESULTS 
Respondent characteristics 
A total of 288 completed questionnaires were submitted, of which 283 (98%) reported 
some vision-related night driving difficulty and were included in the analysis. Most responses 
were obtained via the online format (88%) and the remaining responses were paper-based 
(12%). There was no missing data except for from eight participants who did not respond to 
the question about whether they had reported their difficulties to an eye-care practitioner. 
The demographic and night driving characteristics of the respondents are shown in Table 3.  
 
 
10 
 
Table 3: Demographic and driving characteristics of respondents. 
  Response category n (%) 
Age group (yrs) 
50-59 104 (37) 
60-69 94 (33) 
70-79 72 (25) 
80 and older 13 (5) 
Gender 
Male 98 (35) 
Female 185 (65) 
Eye condition 
None 196 (69) 
Cataract 39 (14) 
AMD 23 (8) 
Glaucoma 16 (6) 
Diabetic eye disease 9 (3) 
Previous report to eye-
care practitioner 
Yes 147 (54) 
No 128 (46) 
Amount of night driving 
(km)a 
0-24 153 (54) 
25-49 80 (28) 
50-74 19 (7) 
75-100 14 (5) 
100 or more 17 (6) 
Night driving avoidance 
(because of vision) 
None  
A little  
Some  
A lot  
All of the time 
160 (57) 
44 (15) 
26 (9) 
34 (12) 
19 (7) 
a: in a typical week over the past month 
 
Figure 1 shows the distribution of self-ratings of general vision. The majority of 
respondents (81%) rated their general distance vision as good to excellent, with similar results 
for ratings of vision for day driving (97%). Fewer participants reported good to excellent vision 
for night driving (61%). High ratings of difficulty with glare and low-light were more frequent, 
with 59% of respondents reporting moderate or greater difficulties with glare and 35% 
reporting similar difficulty under low-light, compared to only 4% who reported moderate or 
greater difficulty under daylight conditions. Adaptation difficulties were also common with 
45% of respondents reporting moderate or greater difficulty when adapting from dark to light 
conditions and 33% reporting this level for adapting from light to dark conditions.  
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Figure 1: Self-rated general vision and difficulty in different lighting conditions. 
Psychometric properties of the VND-Q 
Rating scale and item fit: No disordered thresholds were evident, so the five category 
response scale was retained. Inspection of the infit mean square revealed one initial misfitting 
item, number 3, which was removed. The second Rasch iteration revealed a further misfitting 
item, number 7, which was also removed. The misfitting items (‘seeing the curb and potholes’ 
and ‘glare from oncoming headlights’) showed item redundancy (<0.7 mean square infit), 
given the ceiling effect where most participants reported high levels of difficulty regardless of 
the extent of underlying night driving difficulties. The remaining nine items showed fit 
statistics within the acceptable range (between 0.7 and 1.3, Table 4). The least difficult item 
was ‘judging the distance between you and other moving cars while driving at night’ (item 
10), and the most difficult item was ‘difficulty seeing the road in rain or poor weather when 
driving at night’ (item 11).  
Unidimensionality and reliability: Unidimensionality of the 9-item scale was confirmed 
using PCA, where the first factor explained 69 percent of the variance and the eigenvalue of 
the second component was 1.7. The 9-item VND-Q demonstrated excellent discriminant 
ability, with a person separation index of 3.04 and PR coefficient of 0.90.  Table 5 shows a 
comparison of parameters for the final 9-item version of the questionnaire and the expected 
Rasch model requirements. Overall, the fit statistics of the nine item VND-Q and the principal 
component analysis indicate that the scale was unidimensional, valid and reliable. 
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Table 4: Item fit statistics and item difficulty of the 9-item VND-Q ordered by most to least 
difficult.  
  Item total 
correlation 
Mean square Item 
difficulty (SE) Infit Outfit 
Item 11 0.79 0.97 0.94 -1.56 (0.10) 
Item 5 0.82 0.9 0.89 -1.37 (0.10) 
Item 4 0.72 1.27 1.27 -0.70 (0.10) 
Item 6 0.79 0.98 0.95 -0.67 (0.10) 
Item 8 0.81 1.02 1.03 -0.01 (0.10) 
Item 2 0.81 0.8 0.79 0.33 (0.11) 
Item 1 0.81 0.79 0.83 0.51 (0.11) 
Item 9 0.75 1.19 1.03 1.37 (0.12) 
Item 10 0.76 1.24 0.9 2.08 (0.12) 
 
Targeting: Inspection of the person-item map (Figure 2) showed a 2.07 logit difference 
between person and item difficulty means. While there was an adequate spread of item 
difficulties, targeting of the 9-item VND-Q appeared to be more appropriate for drivers with 
moderate to high levels of difficulties than those with only lower levels. There was no notable 
DIF for age group, gender, amount of night driving, or eye conditions (Table 5), with all less 
than 1.0 logit difference between category means.   
 
Table 5: Fit parameters of the VND-Q scale with Rasch model requirements. 
Parameter 9-Item VND-Q 
Rasch model 
requirements 
Disordered thresholds No No 
Number of misfitting items 0 0 
Person Separation Index 3.04 >2 
Person reliability 0.9 >0.8 
Difference between person and item means 
(logit) 
2.07 <1.0 
Variance by first factor (%) 69 >60 
PCA (eigenvalue for 1st contrast) 1.9 < 2.4 
Differential Item Functioning (logit)a      
Age group (<60, ≥60yrs) <1.0  <1.0  
Gender <1.0   <1.0  
Amount of night driving (<25, ≥25 km/wk) <1.0  <1.0  
Ocular pathology (nil, pathology) <1.0  <1.0  
a: DIF across all items for the dichotomized groupings  
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Figure 2: Person-Item map showing targeting of the nine item VND-Q and separation of the 
person and item means (M).  The person-item map shows less difficult items and persons 
with higher amounts of the latent trait (more night vision difficulties) at the top of the map 
and the most difficult items together with persons with lower amounts of the latent trait at 
the bottom of the map. 
Questionnaire construct validity  
 
The mean (±SD) VND-Q score for respondents was -2.07 ± 2.34 logits, corresponding to a 
mean score of 19 out of a maximum 45 points. In the multivariate regression models including 
age, gender and night driving exposure (Error! Reference source not found.), age was not 
Less difficult item
More difficult item
Person with greater difficulty
Person with less difficulty
 
 
14 
 
significantly associated with vision-related night driving difficulties (p=0.45). Multivariate 
analyses also showed that female respondents reported significantly more vision-related 
night driving difficulties than males (regression coefficient=0.90 p=0.002) and respondents 
who reported less night driving exposure (<25 km per week) also had more vision-related 
night driving difficulties (regression coefficient=-1.05, p<0.001). In addition, those who had 
previously reported their night driving difficulties to an eye care practitioner indicated more 
vision-related night driving difficulties (regression coefficient=0.95 p<0.001). These findings 
also did not differ in the unadjusted analyses (Error! Reference source not found.). 
Construct validity was supported whereby respondents who self-reported bilateral eye 
disease had significantly greater vision-related night driving difficulties for both univariate and 
multivariate models, compared to those who reported no eye disease; although, there were 
no significant differences between those with unilateral eye conditions and no eye disease 
(Error! Reference source not found.).  Respondents with better self-rated general distance 
vision (good to excellent) and less difficulty under low-light and glare (little to no difficulty) 
had significantly less vision-related night driving difficulties for univariate and multivariate 
regression models (Error! Reference source not found.).  
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Table 6: Demographic and self-reported vision univariate and multivariate regression outcomes with VND-Q as the dependent variable.  
Variable n (%) 
Mean logit score  (95% CI) 
for reference groupab 
Unadjusted Analysis Adjusted analysisc 
Regression coefficient 
(95% CI) 
p-value 
Regression coefficient 
(95% CI) 
p-value 
Total sample 283 (100%) -2.07 ± 2.34 (SD)       
Demographic variables       
Age           
       <60 (reference) 179 (63.3%) -1.87 (-2.32 to -1.43)       
       ≥60 104 (36.7 %)   -0.32 (-0.88 to 0.25) 0.27 -0.21 (-0.76 to 0.34) 0.45 
Gender           
       Male (reference) 98 (34.5%) -2.85 (-3.30 to -2.40)       
       Female  185 (65.4%)   1.19 (0.64 to 1.75) <0.001 0.90 (0.33 to 1.47) 0.002 
Amount of night driving (km/week)           
      < 25km (reference) 152 (54.1%) -1.51(-1.87 to -1.16)       
       ≥25km  129 (45.9%)   -1.22 (-1.75 to -0.69) <0.001 -1.05 (-1.58 to -0.51) <0.001 
Self-reported vision variables       
Eye disease           
       None (reference) 196 (69.2%) -2.25 (-2.57 to -1.92)       
       Unilateral condition    41 (14.5%)   0.30 (-0.49 to 1.08) 0.50 0.36 (-0.76 to 1.48) 0.53 
       Bilateral conditions   46 (16.3%)   0.80  (0.06 to 1.55) 0.030 0.76  (0.05 to 1.47) 0.040 
General distance vision           
       Good to Excellent (reference) 227 (80.2%) -2.32 (-2.62 to -2.03)       
       Fair to Very Poor   56 (19.8%)   1.27 (0.60 to 1.93) <0.001 1.23 (0.58 to 1.88) <0.001 
Difficulty in low-light           
       A little to no difficulty (reference) 185 (65.4%) -2.75 (-3.06 to -2.44)       
       Moderate to extreme difficulty   98 (34.6%)    1.96 (1.44 to 2.49) <0.001 1.79 (1.29 to 2.30) <0.001 
Self-reported difficulty with glare            
       A little to no difficulty (reference) 117 (58.7%) -3.41 (-3.78 to -3.04)       
       Moderate to extreme difficulty 166 (41.3%)   2.28 (1.80 to 2.77) <0.001 2.12 (1.65 to 2.59) <0.001 
Reported to practitioner           
       No (reference) 128 (46.5%) -2.55 (-2.95 to -2.15)       
       Yes  147 (53.5%)   0.91 (0.36 to 1.46) <0.001 0.95 (0.43 to 1.47) <0.001 
a: more negative scores represent less vision-related night driving difficulties 
b: based on unadjusted models 
c: models include age, gender and night driving exposure 
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Categorisation of open question responses 
Table 7 summarises the broad themes identified in the open question responses which were 
completed by 100 (35%) respondents. The predominant problem identified was glare from 
oncoming headlights, followed by vision in poor lighting when driving at night. Importantly, 
no additional content areas were identified, which provides evidence that the VND-Q items 
reflect the predominant visual difficulties experienced by older drivers at night. Although 
difficulties with night driving in unfamiliar areas and on highways were reported, these 
situations were infrequent and were situation specific and therefore not necessarily relevant 
to all drivers.  
Table 7: Open-question responses regarding vision-related night driving difficulties.
 
  
Questionnaire repeatability  
The two-way, single-measure ICC for test–retest reliability was 0.89 (95% CI, 0.78–0.95). 
The repeatability coefficient, Rc=2.07, demonstrated excellent repeatability of the VND-Q 
score. The Bland-Altman plot showed the data to be distributed within the 95% limits of 
agreement (LOA) and there was a negligible mean elevation of Rasch score upon retesting 
(mean difference ± 95% LOA = 0.27 ± 2.03 logit) (Figure 3). 
Night Driving Difficulties
Number of 
comments
Problems with oncoming headlight glare, halos or starbursts, seeing 
lane markings
71
Concerns about visibility in poor lighting, difficulty seeing pedestrians, 
animals, curb, road lane markings
25
Avoidance of night driving 24
Discomfort, aching, pain, anxiety, related to night driving 21
Difficulty seeing  in poor weather 15
Prolonged time to regain vision after headlights 12
Concerns about clarity of vision, difficulty reading signs 10
Difficulty driving at night in unfamiliar surroundings because of vision 6
Problems judging distance to turnoff because of vision 5
Problems judging distance to other vehicles because of vision 5
Difficulty with vision when driving on highways at night 3
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Figure 3: Bland-Altman plot of VND-Q Rasch scores for test-retest at time 1 and time 2 
(n=30).  
 
DISCUSSION 
This study describes the development of a vision and night driving difficulties 
questionnaire (VND-Q), which comprised a nine-item, unidimensional, interval-level scale for 
use in a general population of older drivers. The psychometric properties of the questionnaire 
were established using Rasch analysis to inform item selection and to validate the 
questionnaire in a large sample of older drivers who experienced varying degrees of night 
driving difficulties.  
The VND-Q is the first questionnaire designed to specifically investigate vision-related 
night driving difficulties. Importantly, it was developed for use in a general older population, 
rather than for those with specific eye diseases and is therefore highly applicable and relevant 
for the ageing driving population. The VND-Q covers a range of driving tasks and includes 
items that vary in difficulty from easier tasks, such as judging the distance to other moving 
cars, through to more difficult tasks, such as driving in poor weather at night. An excel 
conversion table for the VND-Q is available through online supplementary content. 
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The construct validity of the VND-Q was supported in the present study, where 
respondents with poorer self-reported general vision in low-light and with glare had more 
vision-related night driving difficulties. Notably, respondents who self-reported bilateral eye 
conditions had more difficulties, which provides additional support of construct validity of the 
VND-Q, given that conditions such as glaucoma61, AMD24,62 and cataract63,64 are known to 
impair mesopic vision and increase glare sensitivity. However, the majority of respondents 
did not self-report any eye disease (69%), therefore the ability to generalise these results for 
glaucoma, age-related macular degeneration and cataract populations is limited.  
Higher levels of vision-related night driving difficulty for female participants concurs 
with previous findings, where females reported higher levels of discomfort and difficulty 
when driving at night compared to males.65,66 Our findings also showed that a larger 
proportion of the males drove more at night than females (>25 km: 62% vs 39%, respectively); 
greater exposure to night driving may improve males’ night driving confidence67 as well as 
decrease the perception of discomfort associated with night-driving.65 Among all 
respondents, VND-Q scores were significantly lower for those who reported driving more at 
night than those who had less exposure. Correspondingly, females also reported more night-
driving avoidance than males.  This concurs with previous research, where females are less 
likely to drive at night than males,8 who tend to attribute more importance to their driving 
status and stop only when physical health has declined substantially.8,65  
A key strength of the current study was the use of Rasch analysis to develop an interval 
measure of vision-related night driving difficulties, without the category spacing assumption 
inherent in classical test theory.68 The Rasch generated questionnaire demonstrated 
unidimensionality, confirming a consistent underlying latent trait, and demonstrated well-
ordered thresholds. According to published criteria-based recommendations for Rasch 
analysed vision-related PROMs69, the properties of the VND-Q would be considered to be high 
quality (grade A) in areas of item identification, response categories, dimensionality, 
measurement precision, item fit statistics, concurrent validity, test-rest reliability and known 
group validity. Item selection, differential item functioning and targeting would be considered 
medium quality (grade B). Overall the quality assessment of the VND-Q, according to these 
recommendations, supports the validity of this PROM.   
There are, however, some limitations of the study that should be considered when 
interpreting the results. Construct validity was evaluated using self-reported vision and eye 
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conditions; further evaluation is ongoing through exploration of how self-reported night 
driving difficulties as assessed by the VND-Q relate to clinical measures of visual function and 
real-world night driving performance. The current study was not powered to detect 
differences in night driving difficulties between subgroups of eye conditions, and future work 
with larger samples of older adults with age-related eye diseases should be undertaken. A 
larger sample size to confirm the repeatability of the VND-Q is also required and future 
research would be useful to determine the VND-Q responsiveness to potential treatment 
options, such as cataract surgery, contact lens, or IOL options, to improve the capacity of older 
adults to drive at night. 
Targeting of the VND-Q was sub-optimal to our study population, which indicates that 
it may be more applicable to older drivers with greater levels of vision-related night driving 
difficulties, such as those with specific eye conditions likely to impact on visual function at 
night.  The inclusion of more difficult night-driving items to improve the targeting of the 
questionnaire would be difficult, as it already includes challenging driving tasks (driving in 
poor weather at night). Based on these considerations, targeting of the VND-Q was 
considered satisfactory for a general population of older drivers who have night driving 
concerns. Testing the VND-Q in a population with eye disease is an important aspect to 
consider, although it is likely that many individuals with greater visual impairment due to eye 
disease may have restricted their night-time driving or avoid it altogether11 given that night 
driving has been shown as one of the first visual tasks to be restricted due to eye disease. 
The VND-Q can provide important and relevant information to clinicians, particularly 
when combined with clinical vision data, to inform clinical decisions such as referral for 
cataract surgery or potentially for license renewal assessments. Our findings show that 
around half of the participants had reported their difficulties to an eye-care practitioner, even 
though all reported some degree of vision-related difficulties with night-driving. While 
individuals with greater night driving difficulties were more likely to have reported their 
concerns, the VND-Q could help clinicians identify older drivers who may be more hesitant to 
report their difficulties to eye-care providers, potentially due to concerns about losing their 
licence.  In a research setting, the VND-Q could be combined with other established driving 
questionnaires, such as the Driving Habits Questionnaire,31 to provide comprehensive self-
reported driver information regarding driving habits self-rated driving ability and vision-
related night driving difficulties. 
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 In conclusion, this study developed and validated a 9-item VND-Q to quantify the 
degree of vision-related night driving difficulties of older drivers, using a well-established 
Rasch analysis protocol to confirm its unidimensionality and reliability for use in clinical and 
research settings. The development of the VND-Q is an important step in providing a reliable 
and validated instrument to assist clinicians and researchers in better understanding and 
tailoring treatment options for older drivers reporting vision-related night driving difficulties.  
Vision testing is primarily conducted under photopic light levels, which do not reflect the level 
of visual ability under low luminance or glare conditions, therefore questionnaires such as the 
VND-Q may provide important information for the detection of difficulties that older drivers 
experience in low-light conditions, in the presence of glare sources and when adapting to 
changing in light levels.  
REFERENCES 
1.  National Highway Traffic Safety Administration. Annual Assessment. Motor Vehicle 
Traffic Crash Fatality Counts and Injury Estimates for 2004, Updated August 2005: 
DOT HS 809923.; 2010. 
2.  Sullivan JM, Flannagan MJ. The role of ambient light level in fatal crashes: Inferences 
from daylight saving time transitions. Accid Anal Prev 2002;34:487–98. 
3.  Plainis S, Murray IJ, Pallikaris IG. Road traffic casualties: understanding the night-time 
death toll. Inj Prev 2006;12:125–8. 
4.  Owens DA, Sivak M. Differentiation of visibility and alcohol as contributors to twilight 
road fatalities. Hum Factors 1996;38:680–9. 
5.  Wanvik PO. Effects of road lighting: An analysis based on Dutch accident statistics 
1987–2006. Accid Anal Prev 2009;41:123–8. 
6.  Owens DA, Wood JM, Owens JM. Effects of age and illumination on night driving: a 
road test. Hum Factors 2007;49:1115–31. 
7.  Naumann RB, Dellinger AM, Kresnow MJ. Driving self-restriction in high-risk 
conditions: How do older drivers compare to others? J Safety Res 2011;42:67–71. 
8.  Brabyn JA, Schneck ME, Lott LA, Haegerström-Portnoy G. Night driving self-
restriction: vision function and gender differences. Optom Vis Sci 2005;82:755–64. 
9.  Freeman EE, Munoz B, Turano K a., West SK. Measures of visual function and their 
association with driving modification in older adults. Investig Ophthalmol Vis Sci 
2006;47:514–20. 
10.  Lyman JM, McGwin G, Sims R V. Factors related to driving difficulty and habits in 
older drivers. Accid Anal Prev 2001;33:413–21. 
11.  Ball K, Owsley C, Stalvey B, Roenker DL, Sloane ME, Graves M. Driving avoidance and 
functional impairment in older drivers. Accid Anal Prev 1998;30:313–22. 
12.  Owsley C, McGwin G, Scilley K, Kallies K. Development of a questionnaire to assess 
 
 
21 
 
vision problems under low luminance in age-related maculopathy. Investig 
Ophthalmol Vis Sci 2006;47:528–35. 
13.  van den Berg TJ. On the relation between glare and straylight. Doc Ophthalmol 
1991;78:177–81. 
14.  Plainis S, Murray IJ, Charman WN. The role of retinal adaptation in night driving. 
Optom Vis Sci 2005;82:682–8. 
15.  Barbur J, Stockman A. Photopic, Mesopic, and Scotopic Vision and Changes in Visual 
Performance. In: Encyclopedia of the Eye. Vol Oxford: Academic Press; 2010:323–31. 
16.  Stewart WC, Madill HD, Dyer  a M. Night vision in the miotic eye. Can Med Assoc J 
1968;99:1145–8. 
17.  Chua BE, Mitchell P, Cumming RG. Effects of cataract type and location on visual 
function: the Blue Mountains Eye Study. Eye (Lond) 2004;18:765–72. 
18.  Bron AJ, Vrensen GFJM, Koretz J, Maraini G, Harding JJ. The ageing lens. 
Ophthalmologica 2000;214:86–104. 
19.  Jackson GR, Owsley C, McGwin G. Aging and dark adaptation. Vision Res 
1999;39:3975–82. 
20.  Owsley C. Aging and vision. Vision Res 2011;51:1610–22. 
21.  Haegerstrom-Portnoy G, Schneck ME, Brabyn JA. Seeing into old age: vision function 
beyond acuity. Optom Vis Sci 1999;76:141–58. 
22.  Collins M. The onset of prolonged glare recovery with age. Ophthalmic Physiol Opt 
1989. 
23.  Adamsons I, Rubin GS, Vitale S, Taylor HR, Stark WJ. The effect of early cataracts on 
glare and contrast sensitivity: a pilot study. Arch Ophthalmol 1992;110:1081–6. 
24.  Puell MC, Barrio AR, Palomo-Alvarez C, Gómez-Sanz FJ, Clement-Corral A, Pérez-
Carrasco MJ. Impaired mesopic visual acuity in eyes with early age-related macular 
degeneration. Investig Ophthalmol Vis Sci 2012;53:7310–4. 
25.  Lahav K, Levkovitch-Verbin H, Belkin M, Glovinsky Y, Polat U. Reduced mesopic and 
photopic foveal contrast sensitivity in glaucoma. Arch Ophthalmol 2011;129:16–22. 
26.  Kamppeter B, Degenring RF, Jonas JB. Readaptationszeit nach Photostress bei 
Normalpersonen und Glaukompatienten. Der Ophthalmol 2003;100:1085–90. 
27.  Sandberg MA, Gaudio AR. Slow photostress recovery and disease severity in age-
related macular degeneration. Retina 1995;15:407–12. 
28.  Edwards JD, Lunsman M, Perkins M, Rebok GW, Roth DL. Driving cessation and health 
trajectories in older adults. Journals Gerontol - Ser A Biol Sci Med Sci 2009;64:1290–5. 
29.  Freeman EE, Gange SJ, Muñoz B, West SK. Driving status and risk of entry into long-
term care in older adults. Am J Public Health 2006;96:1254–9. 
30.  Gilhotra JS, Mitchell P, Ivers R, Cumming RG. Impaired vision and other factors 
associated with driving cessation in the elderly: The Blue Mountains Eye Study. Clin 
Exp Ophthalmol 2001;29:104–7. 
31.  Owsley C, Stalvey B, Wells J, Sloane ME. Older drivers and cataract: driving habits and 
crash risk. J Gerontol A Biol Sci Med Sci 1999;54:M203–11. 
 
 
22 
 
32.  Denniston  a K, Kyte D, Calvert M, Burr JM. An introduction to patient-reported 
outcome measures in ophthalmic research. Eye (Lond) 2014;28:1–9. 
33.  Quang Do V, Li R, Ma M, Pooley C, Trinh C, Peattie L, Palagyi A, McCluskey P, Keay L. 
Investigating cataract referral practices used by Australian optometrists. Clin Exp 
Optom 2014:356–63. 
34.  Nischler C, Michael R, Wintersteller C, Marvan P, Emesz M, Van Rijn LJ, Van Den Berg 
TJTP, Wilhelm H, Coeckelbergh T, Barraquer RI, Grabner G, Hitzl W. Cataract and 
pseudophakia in elderly European drivers. Eur J Ophthalmol 2010;20:892–901. 
35.  Gothwal VK, Wright TA, Lamoureux EL, Lundström M, Pesudovs K. Catquest 
questionnaire: Re-validation in an Australian cataract population. Clin Exp 
Ophthalmol 2009. 
36.  McDonald MB. Functional Outcome And Satisfaction After Photorefractive 
Keratectomy. Evidence-Based Eye Care 2001;2:122–3. 
37.  Helgesen A, Hjortdal J, Ehlers N. Pupil size and night vision disturbances after LASIK 
for myopia. Acta Ophthalmol Scand 2004;82:454–60. 
38.  Mangione CM, Lee PP, Gutierrez PR, Spritzer K, Berry S, Hays RD. Development of the 
25-item National Eye Institute Visual Function Questionnaire. Arch Ophthalmol 
2001;119:1050–8. 
39.  Mangione CM, Phillips RS, Seddon JM, Lawrence MG, Cook EF, Dailey R, Goldman L. 
Development of the “Activities of Daily Vision Scale”. A measure of visual functional 
status. Med Care 1992;30:1111–26. 
40.  Sloane ME, Ball K, Owsley C, Bruni JR, Roenker DL. The Visual Activities Questionnaire: 
developing an instrument for assessing problems in everyday visual tasks. Tech Dig 
Noninvasive Assess Vis Syst 1992;1:26–9. 
41.  Lundström M, Pesudovs K. Catquest-9SF patient outcomes questionnaire: nine-item 
short-form Rasch-scaled revision of the Catquest questionnaire. J Cataract Refract 
Surg 2009;35:504–13. 
42.  Myers AM, Paradis JA, Blanchard RA. Conceptualizing and Measuring Confidence in 
Older Drivers: Development of the Day and Night Driving Comfort Scales. Arch Phys 
Med Rehabil 2008;89:630–40. 
43.  Gothwal VK, Wright T a, Lamoureux EL, Pesudovs K. Rasch analysis of visual function 
and quality of life questionnaires. Optom Vis Sci 2009;86:1160–8. 
44.  Marmot M, Banks J, Blundell R, Lessof C, Nazroo J. Health, Wealth and Lifestyles of 
the Older Population in England: The 2002 English Longitudinal Study of Ageing. 
(Eds.). London: IFS; 2002. 
45.  Steinberg EP, Tielsch JM, Schein OD, Javitt JC, Sharkey P, Cassard SD, Legro MW, 
Diener-West M, Bass EB, Damiano AM. The VF-14. An index of functional impairment 
in patients with cataract. Arch Ophthalmol 1994;112:630–8. 
46.  Pesudovs K. Item banking: a generational change in patient-reported outcome 
measurement. Optom Vis Sci 2010;87:285–93. 
47.  Pesudovs K, Coster DJ. An instrument for assessment of subjective visual disability in 
cataract patients. Br J Ophthalmol 1998;82:617–24. 
48.  Prager TC, Chuang AZ, Slater CH, Glasser JH, Ruiz RS. The Houston vision assessment 
 
 
23 
 
test (HVAT): an assessment of validity. Ophthalmic Epidemiol 2000;7:87–102. 
49.  Carta A, Braccio L, Belpoliti M, Soliani L, Sartore F, Gandolfi S a, Maraini G. Self-
assessment of the quality of vision: association of questionnaire score with objective 
clinical tests. Curr Eye Res 1998;17:506–11. 
50.  Molnar LJ, Charlton JL, Eby DW, Langford J, Koppel S, Kolenic GE, Marshall S. Factors 
Affecting Self-Regulatory Driving Practices Among Older Adults. Traffic Inj Prev 
2013;15:262–72. 
51.  Lawrence DJ, Brogan C, Benjamin L, Pickard D, Lawrence DJ, Brogan C, Benjamin L, 
Pickard D. Measuring the effectiveness of cataract surgery : the reliability and validity 
of a visual function outcomes instrument. 1999:66–70. 
52.  Wu Z, Guymer RH, Finger RP. Low luminance deficit and night vision symptoms in 
intermediate age-related macular degeneration. Br J Ophthalmol 2015:395–8. 
53.  Owens DA, Tyrrell R a. Effects of luminance, blur, and age on nighttime visual 
guidance: A test of the selective degradation hypothesis. J Exp Psychol Appl 
1999;5:115–28. 
54.  Wood JM, Tyrrell R a., Chaparro A, Marszalek RP, Carberry TP, Chu BS. Even moderate 
visual impairments degrade drivers’ ability to see pedestrians at night. Investig 
Ophthalmol Vis Sci 2012;53:2586–92. 
55.  Linacre JM. WINSTEPS Rasch measurement computer program. Chicago Winsteps 
com 2006. 
56.  Andrich D. A Rating Formulation for Ordered Response Categories. Psychometrika 
1978;43:561–73. 
57.  Finger RP, Fenwick E, Owsley C, Holz FG, Lamoureux EL. Visual functioning and quality 
of life under low luminance: Evaluation of the german low luminance questionnaire. 
Investig Ophthalmol Vis Sci 2011;52:8241–9. 
58.  Khadka J, Gothwal VK, McAlinden C, Lamoureux EL, Pesudovs K. The importance of 
rating scales in measuring patient-reported outcomes. Health Qual Life Outcomes 
2012;10:80. 
59.  British Standards Institution. Precision of Test Methods 1: Guide for the 
Determination and Reproducibility for a Standard Test Method (BS 597, Part 1). 
London: BSI; 1975. 
60.  Bland JM, Altman D. Statistical methods for assessing agreement between two 
methods of clinical measurement. Lancet 1986;327:307–10. 
61.  Hertenstein H, Bach M, Gross NJ, Beisse F. Marked dissociation of photopic and 
mesopic contrast sensitivity even in normal observers. Graefe’s Arch Clin Exp 
Ophthalmol 2015. 
62.  Feigl B, Cao D, Morris CP, Zele AJ. Persons with age-related maculopathy risk 
genotypes and clinically normal eyes have reduced mesopic vision. Investig 
Ophthalmol Vis Sci 2011;52:1145–50. 
63.  Charalampidou S, Nolan J, Loughman J, Stack J, Higgins G, Cassidy L, Beatty S. 
Psychophysical impact and optical and morphological characteristics of symptomatic 
non-advanced cataract. Eye (Lond) 2011;25:1147–54. 
64.  Puell M, Palomo C, Sánchez-Ramos C, Villena C. Mesopic contrast sensitivity in the 
 
 
24 
 
presence or absence of glare in a large driver population. Graefe’s Arch Clin Exp 
Ophthalmol 2004;242:755–61. 
65.  Hakamies-Blomqvist L, Wahlström B. Why do older drivers give up driving? Accid Anal 
Prev 1998;30:305–12. 
66.  Sarkin AJ, Tally SR, Wooldridge JS, Choi K, Shieh M, Kaplan RM. Gender differences in 
adapting driving behavior to accommodate visual health limitations. J Community 
Health 2013;38:1175–81. 
67.  Bauer J, Adler G, Kuskowski M, Rottunda S. The Influence of Age and Gender on the 
Driving Patterns of Older Adults The Influence of Age and Gender on the Driving 
Patterns of Older Adults. J Women Aging 2003;15:37–41. 
68.  Massof RW. The measurement of vision disability. Optom Vis Sci 2002;79:516–52. 
69.  Khadka J, McAlinden C, Pesudovs K. Quality assessment of ophthalmic questionnaires: 
review and recommendations. Optom Vis Sci 2013;90:720–44. 
 
